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Stimulation, toxicity, and antagonism of calcium nitrate 
and manganese chloride as indicated by growth of 
wheat roots 


LeLta V. BARTON AND SAM F. TRELEASE 
(WITH THREE TEXT-FIGURES) 


The importance of certain chemical elements, such as cal- 
cium,’ as necessary for normal growth of higher plants has long 
been known, but it is only comparatively recently that detailed 
investigations have been made to determine the quantities of 
manganese, boron, and zinc that may be indispensable for 
normal growth of plants in general or of certain plants in par- 
ticular. It was shown very early that salts of these and of 
many other elements may have a poisonous action upon plants, 
but it was also reported by various investigators that solutions 
containing extremely low concentrations of the salts of these and 
of several other elements seem to be beneficial rather than 
harmful to certain plants. The beneficial effects have generally 
been termed stimulating effects and may be expressed by the 
plant in various ways, such as by more rapid increase in length 
of tops or roots, greater luxuriance of foliage, greater dry weight, 
greater green weight, etc. Brenchley (1914) gives a number of 
interesting cases of such stimulation. A survey of the literature, 
however, would not warrant the generalization that every toxic 
substance acts as a stimulant when supplied in a sufficiently 
dilute solution. 

The powerful effect of zinc salts in minute traces on the 
growth of fungi was discovered by Raulin (1869, 1870). Raulin 
also observed a striking effect of manganese salts, but he was 
doubtful whether the effect of the manganese salts was not due to 
traces of zinc. Richards (1897, 1899) tested a number of ele- 


1 The ten elements whose necessity for ordinary green plants was es- 
tablished very early are: K, Ca, Mg, Fe, N,S, P,C,O,H. With the exception 
of iron, these are required in relatively large amounts, and it is easily demon- 
strated that green plants cannot develop if any one of these elements is not 
supplied. 

|The BULLETIN for June (54: 471-558) was issued 2 September 1927.] 
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ments and concluded that the stimulating action of zinc in in- 
creasing the dry weight of fungi is shared with other elements, 
such as iron, lithium, cobalt, etc. These general results, es- 
pecially with zinc, have been confirmed in a number of other 
investigations cited by Steinberg (1919), as well as by his own 
results. 

A remarkable case of the effect of manganese is seen in the 
work of Bertrand and Javillier (1912a), who report that one 
part of manganese in one million of the culture solution increased 
slightly the dry weight of Aspergillus, and the effect continued 
to increase even up to one part in 100. In another test they 
found (1912b) that a combination of manganese and zinc was 
more effective than either alone. An extraordinary effect of 
zinc is reported for one experiment which showed that a definite 
increase in yield was produced by the addition of one part of 
zinc to twenty-five million parts of solution, and one part in ten 
millions nearly doubled the yield. 

The evidence is not conclusive as to whether infinitesimal 
amounts of certain of these elements are absolutely indispensable 
to the normal physiological activity of the fungus protoplasm 
or whether minute traces of these elements, though non-essential, 
are stimulating in their action. The former view is held by 
Bertrand and Javillier (1912a, 1912b), who regard traces of 
manganese and zinc as essential for normal metabolism. Richards 
(1897, 1899), on the other hand, has emphasized the stimulating 
effects. Richards points out that stimulated cultures have a 
heavily matted mycelium and exhibit diminished spore pro- 
duction. It is possible that extremely small quantities of zinc 
and manganese are essential for normal growth and that slightly 
larger amounts give greater growth—the latter accompanied, 
however, by the growth modifications described by Richards. 
A double action of this sort is reported by Richards for iron salts. 

Manganese salts, in small quantities, appear to have im- 
portant beneficial effects on the growth of the higher green 
plants. Although larger quantities of manganese have a toxic 
influence on growth, recent work indicates that minute traces 
of this element may be essential for normal growth and matura- 
tion. 

McHargue (1914) made a study of the manganese content 
of the seed coats of various seeds and considered that the presence 
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of manganese in the seed coats indicated a relation of this 
element to the oxidizing enzymes which not only have to do 
with the selection, making, and storing of food in the kernel, but 
which may also stimulate the enzymes which break up fats, 
sugars, and starches, making them available as food for the 
young seedling. 

In later papers McHargue (1919, 1922, 1923, 1924, 1925) has 
presented evidence, from actual cultures of plants deprived of 
manganese and of those supplied with traces of this element, 
that manganese is indispensable for the normal growth and 
development of ordinary green plants. 

Leguminous plants were found by McHargue (1922) to be 
more sensitive than other plants to a lack of manganese, and he 
concluded that this element is apparently concerned in the 
assimilation of nitrogen and the synthesis of protein. He thinks 
that manganese plays the rédle of a necessary catalyst in plant 
metabolism, and that manganese, together with iron, functions 
in the synthesis of chlorophyll. References to the earlier liter- 
ature on the effects of manganese are given in one of the papers 
by McHargue (1923). 

Brenchley (1914) cites many investigations in which bene- 
ficial effects of manganese have been obtained with soil cultures. 
She also reports one experiment (Brenchley, 1910) in which 
barley was grown to maturity in a series of water cultures con- 
taining nutrient solutions to which manganese sulphate was 
added. Ina later series of tests the plants were allowed to grow 
only seven weeks. In both cases, manganese sulphate in minute 
traces had a decided stimulating action on root and top growth. 
A discrepancy in results of the two experiments Brenchley at- 
tributed to a difference in the concentration of the nutrient salts 
employed and to a difference in length of growing period. 

It has recently been found that a form of chlorosis of spinach 
and beets is associated with smaller amounts of manganese com- 
pounds in the chlorotic tissue than in the healthy tissue, and 
that the chlorosis could be cured by spraying a dilute solution of 
manganese salts on the leaves or by mixing these salts with the 
soil (McLean and Gilbert, 1925; Gilbert, McLean, and Hardin, 
1926; Gilbert, McLean, and Adams, 1927). 

A survey of the literature indicates that most of the work on 
the effect of manganese on the higher plants has been done with 
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soil cultures and with solution cultures containing complex 
mixtures of salts. Relatively little attention has been given to 
the effects of dilute simple solutions of manganese salts, especi- 
ally with reference to the possibility of obtaining an acceleration 
of growth with such solutions. The effects of single-salt solu- 
tions of manganese should be of special importance as repre- 
senting conditions considerably less complex than those involved 
in soil cultures or in mixed solutions containing four or more 
nutrient salts. 

Recent work has indicated that minute traces of several 
elements besides manganese may be essential for the growth of 
green plants. Somner and Lipman (1926) have furnished photo- 
graphic evidence that normal growth and development of a 
considerable number of widely different, higher green plants did 
not occur when boron and zinc were excluded from the culture 
solution. Brenchley and Warington (1927) say that normal 
growth of certain plants does not occur when the culture solution 
lacks boron and that no other element, out of fifty-two tested, 
has proved capable of replacing boron. Special attention was 
given to manganese, the necessity of which had previously been 
determined. 

The important effects of manganese which have been re- 
ported by various investigators emphasize the need of further 
detailed studies of the influence on plant growth of manganese 
salts, alone and in combination with other salts. 

That the toxicity of manganese salts may be decreased or 
even eliminated altogether by addition of calcium salts, has 
been established. McCool (1913) investigated the toxicity of 
manganese salts to green plants and the antagonistic relations 
between salts of manganese and of other elements. In one test, 
in which only ten Canada field pea seedlings were used, he found 
that a simple solution of 0.000125 M manganese chloride was in- 
jurious and that a similar solution containing 0.00025 M man- 
ganese chloride prevented growth entirely. This test was con- 
tinued for five days. In other tests with Canada field pea 
seedlings he found that the poisonous action of manganese salts 
toward the pea seedlings was greatly reduced when the usual 
nutrient salts were present in the culture solution, the lethal 
concentration of manganese chloride in the latter case being four 
hundred times as strong. From the results of these and other 
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experiments, he concluded that simple solutions of manganese 
salts are extremely poisonous to pea and wheat seedlings, but 
the degree of toxicity is much lower when manganese salts are 
added to nutrient solutions or to soil cultures. 

The injurious action of solutions of manganese salts was 
found by McCool (1913) to be manifested mainly toward the 
tops of the plants, chlorosis of the leaves being the first indication 
of an injurious concentration of a manganese salt. It is in- 
teresting to note that manganese salts were found to be less 
injurious to plants grown in the dark than to those grown in the 
light. Calcium, potassium, sodium, and magnesium salts were 
each effective in counteracting the poisonous action of a man- 
ganese salt. Mutual antagonism was observed to exist between 
a manganese salt and salts of each of the following elements: 
potassium, sodium, and magnesium. But in no case did the 
addition of a manganese salt to a solution of a calcium salt 
result in an increased development of plants over that in the 
corresponding simple solutions of the calcium salt. 

The present paper reports experiments upon the elongation 
of wheat roots in simple solutions of different concentrations of 
manganese chloride and calcium nitrate and in mixed solutions 
containing combinations of the two salts in different proportions. 
The objects of this study were: (1) to determine whether stimu- 
lating effects could be observed in simple solutions of manganese 
chloride or of calcium nitrate; and (2) to determine the possible 
antagonistic effects of these two salts in mixed solutions. 


METHOD 


The method of procedure in performing each series of experi- 
ments, the results of which are given in the ensuing pages, was 
essentially the same as that described in papers by Trelease and 
Trelease (1925, 1926a, 1926b). 

Large and small beakers were used, all of which were thor- 
oughly cleaned and then rinsed in tap water, after which they 
were dipped in hot distilled water and hung on glass rods to dry. 
After drying, they were removed and again dipped in hot dis- 
tilled water and replaced as before. The germinating dishes, 
graduated cylinders, flasks, and all other glassware, as well as 
forceps and scissors, were treated in the same manner. 

Molecular solutions were prepared by dissolving weighed 
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amounts of analyzed salts in water obtained from a Barnstead 
still. The concentrated solutions were diluted and mixed to 
obtain the desired concentrations and proportions.? In every 
series two cultures supplied with a three-salt standard solution 
and one with distilled water were used as controls. The three- 
salt control contained 0.02 M potassium acid phosphate, 0.02 M 
calcium nitrate, and 0.02 M magnesium sulphate. 

The culture solutions were transferred to the beakers which 
had previously been prepared in the following manner: The 
mouths of the small beakers (300 cc. Pyrex, tall form, without 
spout) were covered with paraffined bobbinet, which had previ- 
ously been boiled in distilled water. A paraffined linen thread 
was used to tie the bobbinet over the beaker. This having 
been done, the bobbinet was trimmed and each small beaker was 
placed inside a larger one (600 cc.) of the same form. 

The solutions were then poured in until the small beaker was 
entirely filled, and the solution filled the space around it, the 
level being even with the top of the small beaker, so that no air 
bubble was left under the bobbinet. Care was taken that the 
level of the solution did not extend above the bobbinet. Du- 
plicate cultures with each solution were prepared. 

In the bottom of each of five glass-covered culture dishes 
(24 cm. in diameter) were placed sheets of filter paper, which 
were then moistened with distilled water. Into the dishes were 
scattered the wheat grains (Marquis wheat supplied by Julius 
Schendel, Campbell, Minn., 1924 crop), which had previously 
been soaked in distilled water for three hours and rinsed several 
times to remove foreign matter which might be present. The 
grains were taken individually with forceps and placed furrow 
side down. The dishes were left at ordinary room temperature 
until the primary root had attained a length of about 6 mm. 
(usually 24 to 28 hours). 

The germinated grains were then placed on the bobbinet at 
the surface of the solutions, so that the primary roots dipped into 
the solutions. Before each grain was placed in contact with the 
first solution, the length of the primary root was recorded. 
Then a grain with a primary root of approximately the same 

? Volume-molecular concentrations are used in this paper, each value for 


concentration representing the number of gram molecules contained in each 
liter of solution. 
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length was placed in each of the twenty-one other cultures. 
This process was repeated until there were twenty-five actual 
measurements of primary root lengths. An average of these 
lengths was obtained as a measurement of the initial root length. 

The cultures were then placed in a dark chamber (described 
by Trelease, 1925), which was kept at approximately 19° C. 
During the first forty-eight hours, each culture was covered 
with a watch glass. 

The duration of the growth period was the length of time it 
took the primary roots of the three-salt control to elongate about 
80 mm. (from 6 mm. to 86 mm.), the period thus required being 
approximately 100 hours. The cultures were then removed from 
the incubator and observations made on the general appearance 
of the roots of the plants of each. The length of the primary root 
of each seedling was recorded. Each of the growth values given 
in the tables was obtained by deducting the mean initial root 
length from the mean final root length, and expressing this value 
for elongation as a percentage of the average elongation for the 
standard three-salt solution. 


RESULTS AND DISCUSSION 


Single-salt solutions 

It is of special interest to note the relations between growth 
rates and volume-molecular concentrations of manganese chloride 
and calcium nitrate in single-salt solutions. These data are 
given in table 1 and are plotted in the graphs of figure 1. In 
these graphs, as well as those of figures 2 and 3, the ordinates 
represent elongation expressed as a percentage of that for the 
three-salt standard solution, and the abscissas represent con- 
centration (plotted on a logarithmic scale, except the zero 
concentration). 

Stimulation of growth by simple solutions of manganese chloride. 
It will be noticed from the graph of figure 1 that there was in the 
case of manganese chloride a marked stimulation of growth in 
certain concentrations. Wheat roots grown in 0.00001 M man- 
ganese chloride show an elongation of over forty per cent greater 
than that attained by roots in distilled water. This amounts 
to eight per cent greater elongation than that of the roots in the 
three-salt standard solution. In somewhat higher concentrations 
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of this salt, as 0.00005 M and 0.00008 M, the elongation con- 
tinues to be more rapid than in distilled water, but it is less rapid 
than in the standard solution. More concentrated solutions 
than these, however, cause the growth curve to drop very 


TABLE I 


Growth of wheat roots in single-salt solutions of manganese chloride and of 
calcium nitrate; growth values are expressed as percentage of growth for 
the three-salt standard solution' 








VOLUME-MOLECULAR MANGANESE CHLORIDE CALCIUM NITRATE 
CONCENTRATION, is d o a 4 — Teer. 
M A B Average A B  & | Average 
oO 77? 73° 827 | 68 | 84 7s 
0.0000001 | 79 76 | 81 79 
0.000001 | 79 69 a oa. 
0.00001 103 112 108 | 86 52 34 54 
0.00005 94 | 33 389 
0.00005 33 75 SI 
0.0001 | 84 61 69 71 
0.000126 34 35 36 
0.0002 25 22 24 
0.00032 15 I4 15 | 
0.0005 7 I! 9 
0.0008 5 7 6 
0.005 2 2 2 
0.001 54 45 58 52 
0.01 35 35 37 30 
0.1 ~.. a7 20 22 23 








1 Each value is the average of duplicate cultures of 25 seedlings. ‘Thus 
the final average for manganese chloride represents 100 seedlings; that for 
calcium nitrate, 150 seedlings. 

* Value obtained in this particular series. 

3 Average for all distilled water cultures (25 seedlings each) : 76, 76, 74, 69, 
81, 78, 67, 65, 72, 72, 77, 84, 65, 66, 76, 88, 97, 94, 76, 76, 67, 67, 61, 66, 83, 86. 


quickly, until 0.005 M allows only about three per cent of the 
growth for distilled water. 

The results secured in the present experiments appear to offer 
conclusive evidence that simple solutions of manganese chloride 
have a very pronounced effect in stimulating root elongation. 
They serve therefore to extend the earlier observations which 
showed stimulating action on older plants growing in soil cul- 
tures or in mixed nutrient solutions (Brenchley, 1910; Loew and 
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Sawa, 1902; Aso, 1902). The presence of nutrient salts in the 
culture solution is apparently not essential to the growth-acceler- 
ating effect of manganese. 

no. 
100 J 
90] 
80 | 
‘ 
79 J & 
60 J 
50 J 
401 A 4 


304 


204 
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Fic. 1. Growth of wheat roots in single-salt solutions of manganese 
chloride (A) and of calcium nitrate (B). 

Ordinates represent elongation as percentage of elongation for three-salt 
standard solution. Abscissas represent volume-molecular concentration 
(logarithmic scale, except the zero concentration). 


Growth in simple solutions of calcium nitrate. The graph for 
calcium nitrate (figure 1) is very different from that for man- 
ganese chloride, since it exhibits no pronounced rise indicative 
of stimulation. There is a suggestion, however, that certain 
concentrations of calcium nitrate may possibly allow slightly 
more rapid elongation than distilled water. Further study would 
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be needed to obtain conclusive evidence on this point, since the 
observed effect is so small that it may lie within the limits of the 
experimental error. In no case did a single-salt solution of 
calcium nitrate prove a better medium for root elongation than 
the three-salt standard solution. 

It will be noticed from the data in table 1 that there was 
considerable variation in the results obtained in the three tests 
which were made with calcium nitrate single-salt solutions. 
This may have been due to differences in the quality of the 
distilled water used in the tests. The great difficulty of pre- 
paring distilled water of uniform quality has of course been re- 
peatedly emphasized in the literature (Hibbard, 1915; Scarth, 
1924). The presence of minute quantities of antagonizing or 
retarding substances may alter the rate of absorption of calcium 
nitrate by the roots, or the distilled water may excercise a 
separate toxic influence. 

Theories regarding stimulation. Clear distinctions between 
stimulants and nutrient materials are not yet possible. Brench- 
ley (1914) states two main theories which are held to account 
for stimulating effects: (1) That the stimulants act as catalytic 
agents, being valueless on their own account, but valuable in 
that they aid in procuring essential food substances; (2) that the 
stimulants themselves are of integral value for nutrition. In 
either case, a particular stimulant may be essential for normal 
growth of a certain plant form. In order to prove that a certain 
element is indispensable for any plant form, it must of course be 
shown not only that this element is necessary for normal develop- 
ment but also that no other element can replace it. The work 
of Brenchley and Warington (1927) on boron is especially con- 
vincing, since fifty-two other elements were tested and none was 
capable of replacing boron. 

The effect of manganese in accelerating the rate of root 
elongation in very young seedlings may be quite different in 
nature from that which may render this element necessary for 
normal growth and maturation of green plants. At least, salts 
of certain elements known to be essential (calcium, potassium, 
and magnesium) may lack such stimulating action on root growth; 
simple solutions of the salts of these elements have generally 
been found to allow less rapid growth than distilled water 
(Trelease and Trelease, 1926a). 
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TABLE 2 


Growth of wheat roots in nine series of mixed solutions containing manganese 
chloride and calcium nitrate; growth values represent each of the duplicate 
cultures, and are expressed as percentage of growth for the three-salt standard 


























solution" 
AE — 
VOLUME- | VOLUME-MOLECULAR CONCENTRATION OF MANGANESE CHLORIDE, M 
MOLECULAR | 
CONCEN- 
TRATION OF | 9-0000I | 0.00005 0.00008 | 0.000126 | 0.0002 | 0.00032 | 0.0005 0.0008 0.005 
CALCIUM l 
NITRATE, aM | 20 1b} 2a| 2b} 3a] 3b] 4a | 4b| Sa| sb| 6a/ 6b! 7a/ 7b/ 8a] 8b] 9a] ob 
oO 105) 100] 97 | 92 | 82/| 84 28 |41/25/26/19|/11/} 4/10] 5] 5] 2] 2 
0.0000001 | 99)102/ 94 | 94 | 76/80} 54 |47/15|20} 9/14) 4] 8] 5] 5] I] 2 
0.000001 |102 93 85 | 88 | 76 78| 58 |59/52/50/11}15| 7] 7| 6] 5] 2] 2 
0.00001 | 88) 98) 70/70 | 64/64) 64 58 | 52 52 |46/52/41|40/12/14] 3] 2 
0.0001 92) 86) 59 62 | 47 40| 47 |51|43| 43/451] 471|47/|52|50| 48|16| 16 
0.001 52} 59) 54/55 | 5) 59) 49 | 51 | 43) 45/41 | 43 | 34 | 37 | 39 | 35 | 27| 29 
0.01 38} 40) 35 | 35 | 37 | 42) 45 | 42 | 49 | 43 | 39 | 39 | 37 | 33.) 41 | 42 | 25 26 















































0.1 29) 29] 29 | 31 | 29] 29] 28 | 29 | 26} 28 | 30| 33 | 28 | 31 | 31 | 26/15] 16 








‘Each value represents 25 seedlings. 


What some investigators have called stimulation might in 
certain cases be regarded as due to an antagonism to toxic sub- 
stances in the distilled water used. For example, Scarth (1924) 
found that Spirogyra lived only from 5 to 20 hours in pure dis- 
tilled water condensed in silica or platinum and having a pH 
value of about 5.5; however, the addition to the water of a suit- 
able concentration of any one of many single salts greatly ex- 
tended the duration of life—to as many as 528 hours in some 
cases. This extension of the life period he attributed to an 
antagonistic action of the salt to the toxicity of the water, the 
latter toxicity resulting, he says, from the hydrogen-ion con- 
centration due to dissolved carbon dioxide. However, the ac- 
celeration of root growth in dilute solutions of manganese chloride 
can hardly be ascribed to antagonism of substances already 
present in the distilled water; for calcium nitrate, which has 
generally been found to be one of the most effective antagonizing 
substances, gave little or no evidence of growth acceleration, 
while manganese chloride—which usually has only a slight 
antagonistic action—gave a striking acceleration of growth. 
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Two-sali solutions 


The data pertaining to root elongation in mixed solutions 
containing manganese chloride and calcium nitrate are given in 
tables 2 and 3 and are shown graphically in figures 2 and 3. In 
each of the nine series of cultures the manganese chloride content 
was held constant and the calcium nitrate was varied from 
zero too.1 M. The growth occurring in a solution of manganese 
chloride alone is shown by the first point in each curve, and the 
growth in simple solutions of calcium nitrate of the concentra- 
tions used in the mixed solutions is shown by a separate curve. 
The figures therefore show clearly (1) the growth in every mixed 
solution, (2) the growth in the corresponding simple solution of 
manganese chloride, and (3) the growth in the corresponding 
simple solution of calcium nitrate. 


TABLE 3 


Growth of wheat roots in nine series of mixed solutions containing manganese 
chloride and calcium nitrate; growth values represent the fifty seedlings in the 
duplicate cultures, and are expressed as percentage of growth for the three-salt 
standard solution’ 



































VOLUME- 
MOLECULAR VOLUME-MOLECULAR CONCENTRATION OF MANGANESE CHLORIDE, M 

CONCEN- 

TRATION OF |_ 
CALCIUM 

NITRATE, M | 0.00001 | 0.00005 | 0.00008 | 0.000126 | 0.0002 [0.00032 |0.0005 0.0008 0.005 
° 103 04 83 34 25 1s 7 5 2 
0.0000001 101 04 78 50 18 as... 6 5 2 
0.000001 98 86 77 58 51 13 7 6 2 
0.00001 93 70 64 61 $2 490 | 40 13 3 
0.0001 89 60 44 49 43 47 | 49 49 16 
0.001 56 55 57 50 44 42 | 36 37 28 
0.01 39 35 39 43 4! 39 35 42 26 
0.1 29 30 29 | 29 27 a. A. 29 1s 














1 The maximum in each vertical column is italicized. 


Comparing the graphs of figure 2 with those of figure 3, it is 
seen that the form of the growth curves undergoes a distinct 
change as the concentration of manganese chloride becomes 
lower. The curves for the series containing the six highest con- 
centrations of manganese chloride (figure 3) rise to a maximum 
value and then fall. Those for the three lowest concentrations 
(figure 2) have an entirely different form, since they fall con- 
tinuously in passing from left to right. 
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Antagonism as indicated by diminished toxicity of manganese 
chloride. For the mixtures containing the six highest concen- 
trations of manganese chloride (figure 3) it seems safe to consider 
that antagonism is shown in the usual way. — Since each of these 
curves rises as the concentration of calcium nitrate increases, 
it appears to be reasonable to interpret this rise as due to the 
effect of calcium nitrate in antagonizing the toxicity of manganese 
chloride (Osterhout, 1918; McCool, 1913; Hawkins, 1913; Stiles 
and Jérgensen, 1914). This effect is clearly shown in each of 
the six curves. If, for each series, the increased growth due to 
antagonism is divided by the growth in the corresponding man- 
ganese solution, it will be noted that the greatest antagonism, by 
this criterion, occurs in the solutions in which manganese chloride 
is most concentrated. 

The curve for calcium nitrate (dotted line) lies in general 
much higher than those for the mixtures. Mixtures having 
relatively high concentrations of calcium nitrate, however, gave 
slightly better growth than the corresponding simple solutions of 
calcium nitrate. 

Antagonism as indicated by diminished stimulation by man- 
ganese chloride. For the mixtures containing the lowest con- 
centrations of manganese chloride (figure 2), antagonism is not 
so readily defined. These mixtures contain concentrations of 
manganese chloride that in simple solution would stimulate root 
growth, in the sense that they would allow more rapid root 
growth than occurs in distilled water. And for these concen- 
trations of manganese chloride the addition of successively higher 
concentrations of calcium nitrate decreases rather than in- 
creases growth. Thus the calcium nitrate appears to interfere 
with the stimulating effect of the manganese chloride, possibly by 
making the small amount of manganese chloride unavailable for 
use by the roots. Antagonism appears to be shown by an in- 
hibition of the stimulating effect that low concentrations of 
manganese chloride would exhibit in simple solution. It will be 
observed that in four of the mixed solutions containing 0.00001 M 
manganese chloride and in two of those with 0.00005 M man- 
ganese chloride, the growth is more rapid than in the corre- 
sponding calcium nitrate solutions (dotted line). 

Quantitative measurement of antagonism. It is evident that 
an exact quantitative measurement of antagonism can only be 
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obtained when it is possible to estimate the total toxicity that 


the two-salt solutions would have if neither salt influenced the 
NO. 
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Fic. 2. Growth of wheat roots in two-sait solutions of manganese 
chloride and calcium nitrate. 

Ordinates represent elongation as percentage of that for three-salt stand- 
ard solution. Volume-molecular concentrations of calcium nitrate are shown 
by the abscissas (logarithmic scale, except the zero). A represents mixed 
solutions containing 0.00001 M manganese chloride; B, 0.00005 M; C, 0.00008 
M. D (dotted line) shows growth in single-salt solutions of calcium nitrate. 
In each series the concentration of manganese chloride remained constant 
while that of calcium nitrate varied in the manner shown by the abscissas. 


toxicity of the other salt. How this additive effect may be 
estimated has been shown by Osterhout (1914a, I1914b, 1915, 
1918, 1922). The fundamental assumption necessary here is 
that the effect of one salt can be expressed in terms of the other 
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salt. This can be done if the curves for growth in simple 
solutions have nearly the same slope when a logarithmic scale is 
used for concentrations (Trelease and Trelease, 1926a). It 
seems inadvisable to attempt to estimate additive effects if the 


90. 
80 J _ *. 


704 2 














tT 7, 7 Tt T ' a 


Oo -000000! .O0000I -0000) -000! oo! Ol 


Fic. 3. Growth of wheat roots in two-salt solutions of manganese 
chloride and calcium nitrate. 

Ordinates represent elongation as percentage of that for three-salt stand- 
ard solution. Volume-molecular concentrations of calcium nitrate are shown 
by the abscissas (logarithmic scale, except the zero). A (dotted line) shows 
growth in single-salt solutions of calcium nitrate. B represents mixed solu- 
tions containing 0.000126 M manganese chloride; C, 0.0002 M; D, 0.00032 M; 
E, 0.0005 M; F, 0.0008 M; G, 0.005 M. In each series the concentration of 
manganese chloride remained constant while that of calcium nitrate varied 
in the manner shown by the abscissas. 


curves differ in slope as much as do those for manganese chloride 
and calcium nitrate (see figure 1). 

Molecular ratios of manganese chloride to calcium nitrate. The 
ratios of manganese chloride to calcium nitrate, especially those 
ratios allowing greatest root elongation, as shown in table 4, 
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furnish interesting data when examined in connection with the 
growth curves of figures 2 and 3. For the three lowest concen- 
trations of manganese chloride best growth was secured in each 
case with the highest of the tested ratios of manganese chloride 
to calcium nitrate (100, 500, and 800 molecules of manganese 
chloride to 1 of calcium nitrate). For the six highest concen- 
trations of manganese chloride the corresponding ratios for 
optimum growth are much lower—12.6, 20, 32, 5, 8, 5. Com- 
paring these two groups, it appears that to secure optimum 
growth with the high concentrations of manganese chloride the 
ratio of calcium nitrate to manganese chloride must be relatively 
very high. 
TABLE 4 


Values of the ratio of manganese chloride to calcium nitrate for the nine series 
of mixed solutions' 




















VOLUME- 
sone cen on VOLUME-MOLECULAR CONCENTRATION OF MANGANESE CHLORIDE, M 
CONCENTRATION 
OF CALCIUM | 
NITRATE, M 0.00001 | 0.00005 | 0.00008 | 0.000126 0.0002 0.00032 0.0005 0.0008 0.00§ 
a — | 2 . a * . 
0.0000001 | 100 | 500 800 1260 2000 3200 5000 8000 50,000 
0.000001 10 50 80 126 200 320 500 800 5,000 
0.00001 } I | § 8 12.0 20 32 50 80 500 
0.0001 0.1 0.5 0.8 1.26 2 3.2 5 8 50 
0.001 0.01 | 0.05 0.08 0.126 0.2 0.32 0.5 0.8 5 
0.01 0.001 | 0.005 0.008 0.0126 0.02 0.032 9.05 0.08 0.§ 
0.1 0.0001 0.0005 0.0008 0.00126 0.002 0.0032 0.005 0.008 0.0§ 























1 The maximum value in each vertical column is italicized. 


A progressive change in the optimum proportions does not 
persist, however, within the series having the six highest con- 
centrations of manganese chloride; for within these series the 
ratios for optimum growth (12.6, 20, 32, 5, 8, 5) agree as nearly 
as possible, considering the great differences in values of the 
consecutive ratios that were tested. A further, detailed study 
would be needed before very precise statements could be made 
concerning optimum proportions of manganese chloride to 
calcium nitrate. 

It is of interest to observe in figures 2 and 3 the minimum 
concentration of calcium nitrate that appeared to have a decided 
effect on each of the growth curves, and to note in table 4 the 
corresponding molecular ratios. This examination shows that 
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one molecule of calcium nitrate to every fifty or one hundred 
molecules of manganese chloride may be expected to have a 
distinct influence upon the way in which the manganese chloride 
affects the plants. 

Appearance of roots. Throughout the experiments the ap- 
pearance of the roots grown in both single-salt and two-salt 
solutions indicated that each salt has a specific toxic effect. In 
response to the toxicity of manganese chloride, brown rings or 
splotches appeared on the very brittle roots. Often there was a 
series of brown rings distributed at rather regular intervals 
along the root and separated by apparently healthy tissue. It is 
difficult to explain why the toxic effects should be localized in 
this manner. 

Calcium nitrate, in the highest concentrations, caused the 
formation of bands of transparent material on each side of the 
root and extending from the base to within one or two milli- 
meters of the tip. In calcium nitrate solutions favoring rapid 
elongation, the roots became somewhat attenuated and very 
tender and provided with dense masses of root hairs. 


SUMMARY 


A study was made of the elongation of the primary root of 
wheat seedlings in single-salt solutions of manganese chloride and 
calcium nitrate, and in solutions containing both of these salts. 

Manganese chloride, in simple solution of proper concentra- 
tion, had a very pronounced stimulating effect on the root 
elongation of very young wheat seedlings. 

Calcium nitrate, in dilute solution, did not appear to have a 
significant stimulating effect; it allowed about the same elonga- 
tion as occurred in distilled water. At high concentrations cal- 
cium nitrate was found to be far less toxic than manganese 
chloride. 

When growth in single-salt solutions is plotted against 
logarithms of concentrations, the slope of the graph for calcium 
nitrate is markedly different from that of the graph for man- 
ganese chloride; hence equally toxic solutions of these salts do 
not remain equally toxic when diluted to the same degree. 

Calcium nitrate had a marked effect in reducing the toxicity 
that higher concentrations of manganese chloride showed in 
simple solution, and it also reduced the stimulating effect that 
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low concentrations of manganese chloride exhibited in simple 
solution. 

The effect of calcium nitrate in diminishing the toxic action 
of manganese chloride appears to be much more pronounced than 
the effect of manganese chloride on the toxicity of calcium nitrate. 

Differences in appearance of roots grown in single-salt solu- 
tions indicating specific toxicity were observed. The symptoms 
of poisoning by manganese chloride are especially interesting, 
since these are characterized by brown rings distributed at rather 
regular intervals on the root. 

COLUMBIA UNIVERSITY, 

New York City. 
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Magnolia cordata and other woody plants 
W. W. AsHE 


MAGNOLIA CORDATA Michx.' For more than one hundred 
years after this tree was collected by Michaux and through him 
introduced into cultivation it was unknown in a wild state. Its 
rediscovery in 1913 by Mr. L. A. Berckmans in eastern Georgia 
growing near one of the localities from which originally reported 
by Michaux gives hope that Gordonia aliamaha may eventually 
be found also. The magnolia was later reported by Berckmans 
from localities in middle Georgia. During the summer of 1926, 
it was found by the writer along Bear Creek, about 12 miles 
southeast of Tuscaloosa, Tuscaloosa County, Alabama, associ- 
ated with M. acuminata, the oaks and hickories. It was also 
found, more abundant and of larger size, up to 70 feet tall, upon 
sandy soils, in hollows, and along small streams tributary to 
Kintabush and Yantley creeks, Choctaw County, Ala. Since 
these streams head in Mississippi, within 20 miles of where M. 
cordata is very abundant, it and also Quercus arkansana var. 
caput-rivult, referred to below, should be looked for in that state 
in the hilly sandy region which lies to the west and south of 
Meridian. 

Greene proposed three species of Polycodium from Florida— 
P. caesium,? P. revolutum? and P. oliganthum.* He noted that 
the bracts of all were often foliaceous, that consequently some of 
the flowers seemed axillary, and that the flowers were scattered 
over the plants in place of being largely clustered upon branches 
which seemed almost naked on account of the small size of the 
bracts. Dr. J. Nieuwland has furnished me such excellent de- 
scriptions of Greene’s type specimens as to give me assurance 
that certain other sheets of the same collections bearing the 
same numbers as Greene’s type sheets represent the same forms. 
Each of Greene’s plants has thick leaves pubescent upon both 
faces and densely glaucous beneath. In middle peninsular 
Florida, there occurs a Polycodium the leaves of which are in- 


' Fl. Bor.-Am. 1: 328. 1803. 
? Pittonia 3: 249. 1897. 
? Leaflets Bot. Obs. 2: 226. 1912, 
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variably green beneath, but it is associated with one (P. oligan- 
thum Greene) with smaller and more pointed leaves which are 
consistently glaucous beneath. Both as a rule have foliaceous 
bracts, black fruit maturing in mid-summer and scattered over 
the plant, in place of being clustered on branchlets which are 
largely destitute of leaves, and leaves pubescent on both surfaces 
—characters common to certain species of the pine region of the 
southeastern coast. The plant with the leaves green beneath 
grows in the hammocks; the other is restricted to the high sandy 
pine woods and the “‘scrub.”” A description of this plant follows: 

Polycodium quercinum sp. nov. A shrub I-1.5 m. high. 
Leaves rather thin, rounded or obtuse at the apex, oval, obovate 
or elliptic, 2.5—4.5 cm. long, 1-2 cm. wide, mostly rounded at the 
narrowed base, rarely subcordate, the margin ciliate, and some- 
times slightly revolute, especially after midsummer on exposed 
or dry sites, above dark green and sparingly pubescent with 
short spreading hairs, beneath yellowish green, and with short 
spreading grayish pubescence over the entire lower surface as 
well as on the short petiole. Twigs slender, pubescent with short 
spreading, often matted, hairs. Flowers, appearing about the 
middle of April, small, about 4 mm. long with acute divisions to 
the corolla, from the axils of the leaf-like bracts on slender, nod- 
ding, rarely 1 cm.—long pubescent pedicels. Fruit black or 
dark purple-black, glossy, 7-12 mm. thick, not large for the 
genus, sparingly pubescent. 

Type: Abundant in hammocks near Lynne, Marion County, 
Florida, W. W. A. April 1923, July 1926. 


FRAXINUS CATAWBIENSIS Ashe.‘ On account of the infre- 
quency of its occurrence in middle North Carolina, the region 
from which originally reported, it was eventually assumed that 
this ash was a hybrid, although it was not possible with accuracy 
to fix its parentage. In recent years, however, it has been noted 
frequently in the foothills region of northeastern Georgia. Its 
characters seem well fixed. Specimens of Fraxinus profunda 
Bush or F. biltmoreana Bead., species which might be con- 
sidered as one of the parents, are not known to occur in this 
immediate region. It seems desirable to regard it as an infre- 
quent and rather local species related to F. profunda by its 
slightly flattened seed, but lacking its large calyx; resembling 
F. biltmoreana infits pubescence and in the pale often glaucescent 


* Bot, Gaz. 33: 230. 1902. 
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lower surface of the foliage, but lacking its stout terete seed; ap- 
proaching F. americana in the general shape of its fruit and in 
the pale lower surface of the leaflets, but separated by the velvety 
and persistent pubescence on the twigs, and the slightly flattened 
and not terete body to the seed. It has been noted as far south 
as Dawsonville (5 miles south, on the Atlanta road), Dawson 
County, Georgia, and seems to be more abundant in Rabun, 
White and Habersham Counties, Georgia, than elsewhere. 

< Schmaltzia Ashei hyb. nov. S. Ashei Small, Fl. S. U. S. 
Ed. 1. 729. Rhus caroliniana Ashe, Bot. Gaz. 20: 548. 1895. 
This species was based upon herbarium specimens collected from 
wild plants. Later it was cultivated. Seedlings from these 
cultivated plants varied greatly, some approaching S. glabra 
(L.) Small and others S. Michauxti (Sarg.) Small. It is believed 
that it is a hybrid between these plants and should be dropped 
as a species. 

QUERCUS ARKANSANA CAPUT-RIVULI Ashe.* During the 
summer of 1926, specimens of this local tree were noted in Bibb 
County, Ala., at and near Woodfin Tucker’s store; in Hale 
County, Ala., near Havana; in Tuscaloosa County, Ala., along 
the highway north of Moundsville and about eight miles south 
of Tuscaloosa, growing in each case upon sandy banks near 
small water courses. Two trees at Woodfin Tucker’s store, 
probably planted, were 16 and 18 inches in diameter, 45 and 50 
feet high, respectively. The deliquescence of the prominent 
veins near the margin of the leaf and consequent prevailing 
absence of awns was characteristic of the leaves in each of these 
localities, just as it is in trees growing in West Florida and 
Georgia. 


Papus CUTHBERTII Small. This well marked species, which 
has heretofore been reported only from the vicinity of Augusta, 
Georgia, was found (W. W. A., 1923, 1926) growing around 
stream heads at Crestview and Mossyhead, West Florida. 

In connection with the pubescent summer shoots of certain 
species of Tilia which have glabrous spring shoots, it may be of 
interest to note that many summer shoots of Tilia heterophylla 
and its varieties were collected during the summer of 1926 in 
Georgia, and Alabama. These were all glabrous, thus con- 


5 Jour. Elisha Mitchell Soc. 40: 44. Aug. 1924. 
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firming previous observations upon the summer shoots of this 
species. 

CASTANEA MARGARETTA forma Dormonae form. nov. This isa 
rare form which occurs in middle Louisiana, having three large 
nuts to the involucre in place of one. If this form occurred 
within the distribution of chestnut it would doubtless be regarded 
as a hybrid or as having a chestnut strain. Chestnut is not 
known to occur, however, within 350 miles of Natchitoches 
Parish, Louisiana, the station for this form, which was collected 
there by Miss Caroline Dormon. In its long pubescent twigs, 
and the densely set and elongated spines on the fruit, this form 
approaches variety arcuata Ashe of the Gulf Coast of Louisiana 
and the “Big Thicket” region of Texas. 

< Hicoria ludoviciana hyb. nov. H.aquatica (Michx. f.) Brit. 
< H. Buckleyi var. arkansana (Sarg.) Ashe. This interesting 
hybrid, which has been collected and studied by Miss Caroline 
Dormon, of Natchitoches Parish, Louisiana, where it is found, 
has the foliage, buds, bark and general aspect of H. Buckleyt. 
The fruit, however, is compressed, the husk very thin, the nut 
wrinkled, particularly at the base, the shell though not brittle, 
so thin that it can be crushed between the fingers, and the very 
large kernel is much wrinkled and bitter. 

WASHINGTON, D. C. 




















Kieffer pear seedlings and fire blight resistance 
H. E. THomas 


The Kieffer pear is a hybrid between the oriental pear 
(Pyrus serotina var. culta Rehder) and the European species (P. 
communis var. sativa Linn.), presumably the variety Bartlett. 
The latter parent represents the more desirable fruit characters of 
the European pear, and the former exhibits a high degree of 
resistance to the fire blight disease caused by Erwinia amylovora 
(Burrill) Comm. S.A.B. Kieffer is intermediate between its 
parents in fruit quality and blight resistance. Since fire blight 
is still an important limiting factor in the cultivation of the pear, 
it has seemed desirable to make further selections from hybrids 
of the Kieffer type. This somewhat heterodox method was 
adopted because of its obvious advantage in quickly placing a 
relatively large number of individuals under experiment. Ac- 
cordingly, a considerable quantity of Kieffer seed was obtained 
in 1921 from open-pollinated trees on the University farm at 
Ithaca, N. Y. These were planted in April, 1921; and in 1924, 
774 seedlings had survived the hazards of transplanting, rodents, 
and low temperatures. 

A further departure from the usual fruit breeding practice 
was then made in an effort, by repeated inoculation, to eliminate 
at an early age those individuals which were susceptible to blight. 
Thus it will be necessary to bring only a small part of the original 
population up to fruiting age. During the seasons of 1924, 1925, 
and 1926, all the seedlings were inoculated at least five times 
with the fire blight organism. Many of them received ten or 
more inoculations. Cultures were used from both pear and 
apple and from widely separated localities. In August, 1924, 
177 of the 774 trees were blighted. In October, 1926, 368 of the 
679 remaining trees had become more or less affected. These 

‘Four arbitrary classes of resistance were set up. Class O was com- 
pletely resistant; class 1, blight checked within the current season’s growth; 
class 2 was killed back to the second year growth; in class 3 the organism had 
penetrated into the wood of preceding seasons frequently killing the entire 
trees. 

In the records given above classes 1, 2, and 3 are included in the blighted 


group, while in table 1, classes 0 and I are contrasted with the relatively 
susceptible classes 2 and 3. 
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figures are by no means final, since infection is closely related to 
fluctuating growth conditions of the trees. For example, from 
the records of 1924 in parts of rows on poorer soil, 6, 9, and 10 
per cent of the trees were infected, while in parts of the same 
rows a few rods distant but in better soil, 20, 25, and 26 per cent 
of the trees were blighted. 

The seedlings showed an extremely wide variation in most 
of the characters which were examined. The question then 
arose as to whether there existed any parallel between blight 
resistance and external characters of the tree. A preliminary 
examination of the form, color and other characters of the various 
parts of the tree disclosed no striking parallel between resistance 
and any of the characters studied. However, several of the 
more definite characters when examined in greater detail were 
found to be more frequently associated with resistance than 
were their corresponding characters (see table 1). The relation 

TABLE I 


Some tree characters associated with resistance to fire blight 

















CHARACTER RESISTANT) SUSCEPTIBLE | RATIO 
Branchlets ‘Stout 107 | 58 | 100:54 
EE Ser ae 
‘Slender 80 | 117 100 : 146 
Color of branches 2—|Red to reddish brown 73 38 100 : 52 
4 years old Ee ae Ee we 
Green to grayish green| 69 | 74 100 : 107 
ata} Ce ee A " J aa ; ji iz } : 1 
Spininess Spiny | 147 | 147 100 : 100 
\Smooth 37 30 100 : 81 
—__—_j|—_— . . —|— Pees Tae ee 
Lenticel size Large 12 16 100 : 133 
Small | 24 | 35 100 : 145 
| 
Leaf breadth in rela-|Broad | 123 114 100 : 92 
. | 
tion to length ———— ] ——_—_ | — 
Narrow 43 48 100 : III 
Leaf serration Deep 21 26 100 : 123 
Not deep 61 47 100: 77 
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is not assumed to be other than an accidental parallel and is not 
sufficiently constant to provide any notable aid in selection for 
resistance. It is interesting, however, that the character associ- 
ated with greater resistance may be one rather of the susceptible 
than of the resistant parent. This is true of the reddish color 
of bark, this character being among those most frequently associ- 
ated with resistance. On the other hand, the spiny character of 
the susceptible parent is found quite as often in the resistant as 
in the susceptible class. Support is thus given to the expectation 
that resistant individuals of this population may show the 
desirable tree and fruit characters of the P. communis parent. 


DEPARTMENT OF PLANT PATHOLOGY, 
CORNELL UNIVERSITY. 
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278. Mr 1927. 


Berry, E.W. New plant records from the Pleistocene. Torreya 
27: 21-27. pl. i. 14 Ap 1927. 


Bisby, G. R., Conners, I. L., and Bailey, D. L. The parasitic 
fungi found in Manitoba. Bull. Dept. Agr. Canada 71: 
77-83. 1926. 


Bixby, W.G. Northern nuts—varieties. Rept. Proc. No. Nut 
Grow. Assoc. 17: 44-57. S 1926. 


Blake, M. A. Apples of New Jersey. N. J. Agr. Exp. Sta. 
Ext. Bull. 62: 1-15. O6col. pl. 1 F 1927. 


Blake, S. F. The section Diplostephioides of Aplopappus. Am. 
Jour. Bot. 14: 107-115. 22 Mr 1927. 
Many species described as new. 


Bliss, S. H. Another Vermont station for the male fern. Am. 
Fern Jour. 17: 27. 30 Mr 1927. 
East Calais. 


Bowers, C. G. Rhododendrons and azaleas for breeding pur- 
poses in America. Jour. N. Y. Bot. Gard. 28: 81-86. Ap 
1927. 

Boyce, J. S. Observations on white pine blister rust in Great 
Britain and Denmark. Jour. For. 24: 893-896. D 1926. 


Boyer, C. S. Synopsis of North American Diatomaceae. I. 
Coscinodiscatae, Rhizoselenatae, Biddulphiatae, Fragilari- 
atae. Proc. Acad. Nat. Sci. Phila. 78 (suppl): 1-228. 1927. 


Brewbaker, H. E. Studies of self-fertilization in rye. Min- 
nesota Agr. Exp. Sta. Tech. Bull. 40: 1-40. f. 1-9 + pl. I. 
Je 1926. 


Brink, R. A., and Abegg, F. A. A laboratory method of pre- 
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paring starch from maize seed. Plant Physiol. 2: 101-102. 
Ja 1927. 


Brink, R. A., and Burnham, C. R. Nucleus and cytoplasm in 
relation to differential pollen-tube growth. Proc. Natl. 
Acad. Sci. 13: 238-242. 15 Ap 1927. 


Brooks, M. The ‘“‘Massachusetts fern” in West Virginia. Am. 


Fern Jour. 17: 26. 30 Mr 1927. 
Thelypteris simulata. 


Brown, P. E., and Erdman, L. W. Inoculation of legumes. 
Iowa Agr. Exp. Sta. Circ. 102: 1-8. Mr 1927. 


Buchholz, J. T., and Blakeslee, A. F. Abnormalities in pollen- 
tube growth in Datura due to the gene “‘tricarpel.’’ Proc. 
Natl. Acad. Sci. 13: 242-249. f. I-12. 15 Ap 1927. 


Buchholz, J. T., and Palmer, E. J. Supplement to the catalogue 
of Arkansas plants. Trans. Acad. Sci. St. Louis 25: 91-155. 
pl. 6-13. Je 1926. 


Supplement to ‘‘ List of Arkansas Plants,”’ by Branner and Coville. 


Burk, D. Does the pea plant fix atmospheric nitrogen? Plant 
Physiol. 2: 83-90. Ja 1927. 


Burns, G. P., and Burns, G. R. Studies in tolerance of New 
England trees. V. Relation of the moisture content of the 
soil to the sensitiveness of the chloroplast to light. VI. A 
portable instrument for measuring solar radiation in forests. 
Vermont Agr. Exp. Sta. Bull. 257: 1-16. f. 1-8 S 1926; 
261: 1-30. f. I-10. F 1927. 


Capinin, J. M. An aberrant rosal (Gardenia florida L.) flower of 
seminal origin. Philipp. Agr. 15:557-558. pl. z. F 1927. 


Caron, O. Quelques observations sur la photomicrographie. 
Sci. Agr. 7: 312-315. f. 1-4. Ap 1927. 


Chardon, C. E., and Toro, R. A. Plant disease notes from the 
central Andes. Phytopathology 17: 147-153. f. I. 15 
Mr 1927. 


Chesebrough, M. A. A study of Mexican Riccia. Bot. Gaz. 
83: 99-102. f. 1-6. 23 Mr 1927. 
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Christensen, C. Athyrium Wardiit in North America? Am. 
Fern Jour. 17: 23-24. 30 Mr 1927. 


Christensen, J. J. Physiologic specialization and parasitism of 
Helminthosportum sativum. Minnesota Agr. Exp. Sta. 
Tech. Bull. 37: 1-101. pl. 1-12. Jl 1926. 


Clayton, E. E. Diplodia ear-rot disease of corn. Jour. Agr. 
Res. 34: 357-371. 15 F 1927. 


Clements, F. E. Wild flowers of the west. Nat. Geog. Mag. 
51: 566-622. col. pl. 1. My 1927. 


Clements, F. E., and Showalter, W. J. The family tree of the 
flowers. Nat. Geog. Mag. 51:555-563. [col. pl.| My 1927. 


‘ 


Clute, W. N. Relatives of the onion. Am. Bot. 33: 49-50. 
tllust. Ap 1927. 


Cockerell, T. D. A. A journey in South America. Nat. Hist. 
27: 77-92. Ja-F 1927. 


Coleman, L. C. Structure of spore wall in Ganoderma. Bot. 
Gaz. 83: 48-61. pl. 5. 23 Mr 1927. 


Colley, R. H., and Taylor, M. W. Peridermium kurilense Diet. 
on Pinus pumila Poll., and Peridermium indicum n.sp. on 
Pinus excelsa Wall. Jour. Agr. Res. 34: 327-330. f. I. 
15 F 1927. 


Collins, G. N., and Kempton, J. H. Variability in the linkage of 
two seed characters of maize. U.S. Dept. Agr. Bull. 1468: 
1-64. f. 1-5. Mr 1927. 


Coward, K.H. The influence of light and heat on the formation 
of vitamine A in plant tissue. Jour. Biol. Chem. 72: 781- 
799. Ap 1927. 


Dearness, J. An annotated list of Anthracnoses in the genera 
Gloeosporium, Colletotrichum, Marssonia, Septogloeum, Cy- 
lindrosporium, of the Melanconiales. Bull. Dept. Agr. 
Canada 71: 62-76. 1926. 


Decker, C. E. New leaf fossils from the Permian of central 
Oklohoma. Proc. Oklohoma Acad. Sci. 6: 263-264. Ja 
1927. 
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Decker, C. E. Some new fossil algal horizons in the Arbuckle 
Mountains. Proc. Oklohoma Acad. Sci. 6: 260-262. Ja 
1927. 

Douglass, A. E. Solar records in tree growth. Science II. 65: 
220-221. 4 Mr 1927. 


Drechsler, C. Two water molds causing tomato rootlet injury. 
Jour. Agr. Res. 34: 287-296. f. 1, 2. 1 F 1927. 


Durland, W. D. Chicle—source of chewing gum. Am. For. & 
For. Life 33: 228-229, 247. illust. Ap 1927. 


East, E. M. Inheritance of trimorphism in Lythrum salicaria. 
Proc. Natl. Acad. Sci. 13: 122-124. 15 Mr 1927. 


Eaton, F.M. The water requirement and cell-sap concentration 
of Australian saltbush and wheat as related to the salinity of 
the soil. Am. Jour. Bot. 14: 212-226. f. 1, 2 + pl. 23. 
26 Ap 1927. 

Exell, A.W. William Bartram and the genus Asimina in North 
America. Jour. Bot. 65: 65-69. pl. 581. Mr 1927. 


Ezekiel, W. N. Fruit-rotting Sclerotinias. III. Longevity of 
buried brown-rot mummies. Maryland Agr. Exp. Sta. 
Bull. 284: 1-22. f. 1-3. O 1926. 


Fairchild, D. The fascination of making a plant hybrid; being a 
detailed account of the hybridization of Actinidia arguta 
and Actinidia chinensis. Jour. Hered. 18: 49-62. f. I-7. 
“F” 11 Ap 1927. 


Farquhar, F. P. Vagaries of the Big Trees. Am. For. & For. 
Life 33: 259-263, 296-297. tllust. My 1927. 


Farwell, O. A. The botanical identity of ma huang. Jour. 
Am. Pharm. Assoc. 16: 135-136. F 1927. 


Folsom, D. Uniformity of nomenclature for the viroses of 
Solanum tuberosum. Phytopathology 17: 161-165. 15 
Mr 1927. 


Fuller, A.M. Botanical collecting, 1925. Yearbook Publ. Mus. 
Milwaukee 5: 76-82. f. 98, 99. ‘1925.’ 1926. 


Galloway, B. T. Plant introduction as applied to blight-re- 
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sistant chestnuts and related crops. Rep. Proc. North. 
Nut Grow. Assoc. 17: 58-62. S 1926. 


Gardner, M. W. Apple blotch canker eradication. Phyto- 
pathology 17: 185-188. 15 Mr 1927. 


Gardner, N.L. New species of Gelidium on the Pacific coast of 
North America. Univ. Calif. Publ. Bot. 13: 273-318. 
pl. 36-54. 17 Mr 1927. 


Gates, F. C., Woollett, E. C., and Breakey, E. P. Distribution 
and abundance of Spartina Michauxiana at Douglas Lake, 
Cheboygan County, Michigan. Bot. Gaz. 83: 185-193. 
f. 1,2. 21 Ap 1927. 


Gates, R.R. Two new species of Oenothera. Canad. Field Nat. 
41: 23-27. tllust. F 1927. 
O. agari and O. eriensis. 

Goldstein, B. An Empusa disease of Drosophila. Mycologia 
19: 97-109. pl. 8-10. 1 My 1927. 


Goodspeed, T. H., and Clausen, R. E. Interspecific hybridiza- 
tion in Nicotiana. V. Cytological features of two F; 
hybrids made with Nicotiana Bigelovii as a parent. Univ. 
Calif. Publ. Bot. 11: 117-125. f. 7-8. 17 Mr 1927. 


Graves, A. H. Forms and functions of leaves. Brooklyn Bot. 
Gard. Leafl. 14°": 1-8. 10 N 1926. 


Graves, E.W. Botrychium dissectum in lowa. Am. Fern Jour. 
17: 15-18. 30 Mr 1927. 


Greaves, J. E. The microflora and the productivity of leached 
and non-leached alkali soil. Soil Sci. 23: 271-302. Ap 1927. 

Greene, R. A., and Stout, A. B. A report on sterility in sixty-five 
dwarf-bearded irises. Bull. Am. Iris Soc. 22: 40-43. tllust. 
Ja 1927. 

Griffiths, D. The regal lily. U.S. Dept. Agr. Bull. 1459: 1-19. 
f. 1-4. D 1926. 


Haas, A. R. C. Effect of reaction of solution on growth of 
alfalfa. Bot. Gaz. 83: 207-211. f. I-3. 21 Ap 1927. 


Haas, A. R. C., and Reed, H. S. Relation of dessicating winds 
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to fluctuation in ash content of citrus leaves and phenome- 
non of mottle-leaf. Bot. Gaz. 83: 161-172. f. I-3. 21 
Ap 1927. 


Haas, A. R.C.,and Reed, H.S. Significance of trace of elements 
not ordinarily added to culture solutions, for growth of 


young orange trees. Bot. Gaz. 83: 77-84. f. 1-6. 23 Mr 
1927. 
Hansen, H.H. Control of internal rot of caprified figs. Phyto- 
1 pathology 17: 199-200. 15 Mr 1927. 
’ Heath, F. M. In defense of the mullein. Am. Bot. 33: 62-65. 
4 Ap 1927. 
Heimlich, L. F. Microsporogenesis in the cucumber. Proc. 
Natl. Acad. Sci. 13: 113-115. 15 Mr 1927. 
Heppner, M. J. Further evidence on the factor for bitterness 
. in the sweet almond. Genetics 11: 605-606. 22 Ap 1927. 
Herbert, P. A. A laboratory study of black spruce. Jour. For. 
a 25: 437-442. Ap 1927. 
7 Hibbard, R.P. Negative results on physiological balance in soil 
V. cultures. Plant Physiol. 2: 1-38. f. 7-11. Ja 1927. 
Hunter, L. M. Comparative study of spermogonia of rusts of 
t. Abies. Bot. Gaz. 83: 1-23. f. 1, 2+ pl. 1-4. 23 Mr 
1927. 
ir. Huskins, C. L. The elimination of false wild oats; a breeding 
possibility. Sci. Agr. 7: 285-286. Ap 1927. 
ed Huskins, C. L. Some Russian impressions. Sci. Agr. 7: 300- 
7. 305. Ap 1927. 
ve Hutchinson, J. Contributions toward a phylogenetic classi- 
st. fication of flowering plants: VI. (A) The genera of Hydrage- 
aceae. (B) The genera of Saxifragaceae, by J. E. Dandy. 
10. Kew Bull. Misc. Inf. 1927: 100-118. 1927. 


Ichijima, K. Cytological and genetic studies on Fragaria. 
of Genetics 11: 590-604. pl. 1-3. 22 Ap 1927. 

Inamdar, R. S., and Shrivastava, A. L. Seasonal variation in 
specific conductivity of wood in tropical plants with refer- 
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ence to leaf fall. Bot. Gaz. 83: 24-47. f. 1-7. 23 Mr 
1927. 

Jeffrey, E. C. Conifers and the coal question. Science II. 65: 
256-257. 8 Ap 1927. 


Jochems, S.C. J. The occurrence of Blakeslea trispora Thaxter 
in the Dutch East Indies. Phytopathology 17: 181-184. 
f. I. 15 Mr 1927. 

Jodidi, S. L. The nitrogen compounds of the rice kernel as 
compared with those of other cereals. Jour. Agr. Res. 34: 
309-325. 15 F 1927. 

Kahlenberg, L., and Traxler, R. On the passage of boric acid 
and certain salts into fruits and vegetables. Plant Physiol. 
2: 39-54. Ja 1927. 

Kamm, M. W. Ebony spleenwort in a well. Am. Fern Jour. 
17: 26. 30 Mr 1927. 


Kauffman, E. Speeding up the poplar; interesting experiments 
in selective breeding and hybridization that may open a 
secret door to more rapid wood production. Am. For. & 
For. Life 33: 269-271. illust. My 1927. 


Keefe, A. M. A new species of Aphanocapsa. Rhodora 29: 
39-41. “Mr” 8 Ap 1927. 
A, Lewisit. 

Kelley, A. P. Dune formation by pine barren plants. Bot. 
Gaz. 83: 89-93. f.1, 2. 23 Mr 1927. 


Kendrick, J.B. Holcus bacterial spot of Zea mays and Holcus 
species. lowa Agr. Exp. Sta. Res. Bull. 100: 303-334. 
f. 1-5. N 1926. 

Kienholz, R. Shrinkage and growth in plant stems. Bot. Gaz. 
83: 103-105. 23 Mr 1927. 


Kiesselbach, T. A. The immediate effect of gametic relationship 
and of parental type upon the kernel weight of corn. Ne- 
braska Agr. Exp. Sta. Res. Bull. 33: 1-69. f. 7. D 1926. 


Kiesselbach, T. A., and Anderson, A. Alfalfa investigations. 
Nebraska Agr. Exp. Sta. Res. Bull. 36: 1-125. f. I-79. 
D 1926. 
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Kiesselbach, T. A., and Peltier, G. L. The differential reaction 
of strains within a variety of wheat to physiologic forms of 
Puccinia graminis Tritict. Nebraska Agr. Exp. Sta. Res. 
Bull. 39: 1-15. f. 7. D 1926. 


Killip, E. P. New names for tropical American plants. Proc. 
Biol. Soc. Washington 40: 29. 5 Mr 1927. 


Kitson, L. C. The resurrection plants. Am. For. & For. Life 
33: 215. illust. Ap 1927. 


Kostoff, D. Pollen-tube growth in Lythrum Salicaria. Proc. 
Natl. Acad. Sci. 13: 253-255. f.z. 15 Ap 1927. 


Leach, J. G. The nature of seed-piece transmission of potato 
blackleg. Phytopathology 17: 155-160. f. 7-4. 15 Mr 
1927. 


Leukel, R. W., Dickson, J. G., and Johnson, A. G. Experi- 
ments with dusts for controlling stripe disease of barley. 
Phytopathology 17: 175-179. 15 Mr 1927. 


Link, G. K. K., and Sharp, C. G. Correlation of host and sero- 
logical specificity of Bacterium campestre, Bacterium flac- 
cumfactens, Bacterium Phaseoi, and Bacterium Phaseoli 
Sojense. Bot. Gaz. 83: 145-160. 21 Ap 1927. 


Lohman, M.L. Occurrence of mycorrhiza in Iowa forest plants. 
Univ. Iowa Stud. Nat. Hist. 11: 33-58. pl. 1-8. 15S 1926. 


Loomis, H. F. Development of flowers and bolls of Pima and 
Acala cotton in relation to branching. U.S. Dept. Agr. 
Bull. 1365: 1-28. f. 7. Mr 1927. 


Lott, R. V. Correlation of chemical composition with hardiness 
in brambles. Missouri Agr. Exp. Sta. Res. Bull. 95: 1-22. 
f. 1-4. D 1926. 


McCully, A. Western skunk cabbage. Am. For. & For. Life 
33: 154. tllust. Mr 1927. 
Lysichiton kamtschatcense. 


MacDougal, D. T., and Overton, J. B. Sap flow and pressure 
in trees. Science II. 65: 189-190. 18 F 1927. 


MacMillan, H. G., and Christensen, A. A study of potato seed 
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treatment for Rhizoctonia control. Wyoming Agr. Exp. 
Sta. Bull. 152: 57-67. Mr 1927. 


McWhorter, F. P. Fungicidal value of oil sprays. Phyto- 
pathology 17: 201-202. 15 Mr 1927. 


Mack, W.B. The action of ethylene in accelerating the blanch- 
ing of celery. Plant Physiol. 2: 103. Ja 1927. 


Martin, W. H. Plant diseases of New Jersey. (Thirteenth in- 
stalment.) Seed-borne diseases of potatoes: their control. 
New Jersey Agr. 94: 6-7. Ap 1927. 

Millar, C. E. Studies of the removal of nutrients from subsoil 
by alfalfa. Soil Sci. 23: 261-267. pl. z. Ap 1927. 


Miyoshi, M. The preservation of natural monuments in Japan. 
Jour. Hered. 18: 33-40. f. 11-15. ‘“‘Ja’’ 9 Mr 1927. 


Moore, F. B., and Stout, A. B. Sterility in Apogon and Pogo- 
niris. Bull. Am. Iris Soc. 21: 3-20. illust. O 1926. 


Moore, G. T., and LaGarde, R. V. L. The identification of 
pollen from so-called ‘“‘hay-fever plants.’”’ Ann. Missouri 
Bot. Gard. 13: 355-390. N 1927. 


Mousley, H. The genus Amesia in North America. Canad. 
Field Nat. 41: 1-6, 28-31. illust. F 1927. 


Murrill, W. A. Biadderwort and spatter dock. Am. Bot. 33: 
51-54. Ap 1927. 

Murrill,W.A. The yellow-gilled Russula. Mycologia 19: 151- 
152. 1 My 1927. 


Nelson, J. C. M. W. Gorman. Rhodora 29: 33-36. port. 
“Mr” 8 Ap 1927. 
Born 10 N 1853. Died 7 O 1926. 


Newton, R., and Martin, W. M. Apparatus for continuous di- 
alysis at low temperature. Plant Physiol. 2:99. f. 7. Ja 
1927. 

Nightingale, G. T. The chemical composition of plants in re- 


lation to photoperiodic changes. Wisconsin Agr. Exp. Sta. 
Res. Bull. 74: 1-68. f. I-24. F 1927. 
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Pearl, R. On the distribution of differences in vitality among 
individuals. Am. Nat. 61: 113-131. f. I-4. Mr-Ap 
1927. 

Includes accounts of experiments with Cucumis melo. 


Peattie, D.C. Fasciation in plants. Am. Bot. 33: 60-62. Ap 
1927. 

Peckham, E. A. S. 1926 bibliography of Iris literature. Bull. 
Am. Iris Soc. 22: 32-39. Ja 1927. 


Pittier, H. El estudio de los productos forestales en Venezuela. 
Bol. Ci. Tecn. Mus. Com. Venezuela 1: 3-44. 1927. 


Porsild, A. E. Contributions to the flora of west Greenland. 
Meddel. Grénland 58: 159-196. ‘“‘1920’’ 1926. 


Porsild, M. P., and Porsild, A. E. The flora of Disko Island and 
the adjacent coast of west Greenland. Meddel. Grénland 
58: 1-155. ‘‘1920’’ 1926. 


Potter, D. A laboratory manual for general botany. 2 vols. 
1-145. pl. I-59. 1927. 


Prat, S. Antagonistic salt action in relation to the swelling 
and dyeing of powdered agar. Am. Jour. Bot. 14: 167-186. 
26 Ap 1927. 


Prat, S. The toxicity of tissue juices for cells of the tissue. 
Am. Jour. Bot. 14: 120-125. 22 Mr 1927. 


Purpus, J.A. Mexikanische Kleinorchideen. Gartenfl. 76: 5-7 
53-54. tllust. Ja-F 1927. 


Quinn, E. J., Burtis, M. P., and Milner, E. W. Quantitative 
studies of vitamins A, B, and C in green plant tissues other 
than leaves. Jour. Biol. Chem. 72: 557-563. Ap 1927. 

Quisenberry, K. S. Chromosome numbers in buckwheat 
species. Bot. Gaz. 83: 86-88. f. 1-7 + pl. 6. 23 Mr 
1927. 

Quisumbing, E. The occurrence of lactiferous vessels in the 
mature bark of Hevea brasiliensis. Univ. Calif. Publ. Bot. 
13: 319-332. pl. 55-58. 22 Mr 1927. 


Ranker, E.R. Determination of total nitrogen, nitrate-nitrogen, 
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and total nitrogen not including nitrate-nitrogen: further 
observations on a modification of the official salicyclic- 
thiosulphate method. Ann. Missouri Bot. Gard. 13: 391- 
424. f. 1-3. “N 1926” Mr 1927. 


Ransier, H. E. The uninterrupted life of an interrupted fern. 
Am. Fern Jour. 17: 27-28. 30 Mr 1927. 


Reinking, O. A., and Wollenweber, H. W. Tropical Fusaria. 
Philipp. Jour. Sci. 32: 103-273. f.1-47 + pl. 1-6. F 1927. 


Rice, M. A. The haustoria of certain rusts and the relation 
between host and pathogene. Bull. Torrey Club 54: 63- 
154. pl. 1-9. “F” 14 Ap 1927. 


Riley, L. A. M. New species from Panama, Coiba and Cocos 
Islands. Bull. Misc. Inf. 1927: 119-127. 1927. — 
In Odontocarya, Elsota, Erythrochiton, Eugenia, Alibertia, Psychotria, 
Rauwolfia, Cordia, Solanum and Acalypha. 


Robinson, T. R. An orange chimera. Jour. Hered. 18: 48. 
frontispiece. “‘F’’ 11 Ap 1927. 


Robinson, W. O. The determination of organic matter in soils 
by means of hydrogen peroxide. Jour. Agr. Res. 34: 339- 
356. 15 F 1927. 


Round, E. C. Correlation of coal floras in Henry County, Mis- 
souri, and the Narragansett Basin. Bot. Gaz. 83: 61-69. 


f. I-3. 23 Mr 1927. 
Rudolfs, W. Influence of salt upon growth rate of Asparagus. 
Bot. Gaz. 83: 94-98. f. 1, 2. 23 Mr 1927. 


Saint-Yves, A. Contribution a l'étude des Festuca (subgenus 
Eufestuca) de \’Amerique du nord et du Mexico. Candollea 
2: 229-316. tllust. 1926. 


Sampaio, A. J.de. Bibliographia botanica interessando o estudo 
da flora Brasileira. Bol. Mus. Nac. Rio de Janeiro 2°: 
35-62. S 1926. 


Sampaio, A. J. de. Technica da colheita de material botanico 
no littoral do Brazil. Bol. Mus. Nac. Rio de Janeiro 2°: 
63-82. f. 1-3. S 1926. 
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Sanford,G.B. Important soil-borne diseases of crops in western 
Canada. Sci. Agr. 7: 292-294. Ap 1927. 


Santos, J. K. A pharmacognostical study of Datura alba Nees 
and Datura fastuosa Linnaeus from the Philippines. Philipp. 
Jour. Sci. 32: 275-296. pl. 1-7. Mr 1927. 


Satina, S., and Blakeslee, A. F. Further studies on biochemical 
differences between sexes in plants. Proc. Natl. Acad. Sci. 
13: 115-122. 15 Mr 1927. 


Schaffner, J. H. Ginkgo, a flowerless seed plant. Am. Jour. 
Bot. 14: 126-128. f. 1-7. 22 Mr 1927. 


Schneiderhan, F. J. Frank J. Piemeisel. 1891-1925. Phyto- 
pathology 17: 135-136. port. 15 Mr 1927. 


Seaver, F. J. Cocoa and chocolate. Jour. N. Y. Bot. Gard. 
28: 86-89. Ap 1927. 


Abstract of a lecture. 


Shape, P. F. Stem and leaf structure of aspen at different al- 
titudes in Colorado. Am. Jour. Bot. 14: 116-119. pl. 16. 
22 Mr 1927. 


Sharp, C. G. Virulence, serological, and other physiological 
studies of Bacterium flaccumfaciens, Bacterium Phaseoli, and 
Bacterium Phaseoli sojense. Bot. Gaz. 83: 113-144. f. 1-8 
+ pl. 7. 21 Ap 1927. 


Shear, C. L. Mycology in relation to human pathology. Am. 
Nat. 61: 151-159. Mr—Ap 1927. 


Sherbakoff, C. D. A modified method of delinting cotton seed 
with sulphuric acid. Phytopathology 17: 189-193. 15 Mr 
1927. 


Sherbakoff, C. D. Photographing living conidia mounted on 
agar. Phytopathology 17: 195-198. f.7z. 15 Mr 1927. 


Small, J. K. Jris flexicaulis. Iris fulva. Iris prismatica. 
Iris pseudacorus. Iris rivularis. Iris Shrevei. Iris tripetala. 
Iris vinicolor. Addisonia 12: 1-16. pl. 385-392. 31 Mr 
1927. 
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Small, J. K. A new gopher-berry from the Gulf states. Tor- 
reya 27: 35-36. 14 Ap 1927. 


Gaylussacia Mosieri. 

Smith, C. P. A distributional catalogue of the lupines of 
Oregon. Contr. Dudley Herb. Stanford Univ. 1: 1-55. 
10 Mr 1927. 

Smith, F. F. Some cytological studies of mosaic diseases and 
leaf variations. Ann. Missouri Bot. Gard. 13: 425-484. 

f. 1-4 + pl. 13-16. “N 1926” Mr 1927. 


Smith, H. B. Annual versus biennial growth habit and its in- 
heritance in Melilotus alba. Am. Jour. Bot. 14: 129-146. 
f. 1-8. 22 Mr 1927. 


Smith, J. R. Some observations with reference to nut bearing 
trees in distant lands. Rept. Proc. North. Nut Grow. 
Assoc. 17: 72-76. S 1926. 


Sparrow, F. K., Jr. Occurrence of Pythium gracile in the 
United States. Rhodora 29: 37-39. ‘“‘Mr’’ 8 Ap 1927. 


Sprague, T. A., and Sandwith, N. Y. New species of Strychnos 
from tropical America. Kew Bull. Misc. Inf. 1927: 127- 
133. 1927. 

Stancliff, J.O. Spring north and south. Am. Bot. 33: 65-67. 
Ap 1927. 

Standley, P. C. Alfaroa, a new genus of trees of the family 
Juglandaceae from Costa Rica. Jour. Washington Acad. 
Sci. 17: 77-79. 19 F 1927. 

A. costaricensis, described as new. 

Standley, P. C. Ferns of Barro Colorado Island. I. Am. Fern 
Jour. 17: 1-8. 30 Mr 1927. 

Standley, P.C. New plants from Central America. VII. Jour. 
Washington Acad. Sci. 17: 159-171. 4 Ap 1927. 

Stapf, O. Ma huang of Chili. Kew Bull. Misc. Inf. 1927: 
133-134. 1927. 

Sudworth, G. B. A new western birch. Am. For. & For. Life 


33: 286-287. illust. My 1927. 
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Swingle, C. F. Graft hybrids in plants. Jour. Hered. 18: 73- 
94. f.9g-14. “F’ 11 Ap 1927. 


Taylor, A. M. Some ecological habitats in the Longleaf Pine 
Flats of Louisiana. Bull. Torrey Club 54:155-171. ff. 1-3. 
“F”’ 14 Ap 1927. 


Taylor, N. Walking with an object. Forty wild flowers worth 
hunting. Torreya 27: 29-35. 14 Ap 1927. 


Tehon, L. R., and Daniels, E. Y. Notes on the parasitic fungi 
of Illinois. III. Mycologia 19: 110-129. pl. rz. 1 My 
1927. 

Many species described as new. 


Thomas, W. Nitrogenous metabolism of Pyrus malus L. I. In- 
fluence of temperature of dessication on water-soluble 
nitrogenous constituents and separation of water-soluble 
protein from non-protein constituents. II. The distribution 
of nitrogen in the insoluble cytoplasmic proteins. Plant 
Physiol. 2: 55-70. Ja 1927. 


Thone, F. Evaporation rates in a north Florida hammock. 
Bot. Gaz. 83: 70-76. f. I-3. 23 Mr 1927. 


Thornton, H. G., and Fisher, R. A. On the existence of daily 
changes in the bacterial numbers in American soil. Soil 
Sci. 23: 253-259. f. 1-4. Ap 1927. 


Tiffany, L. H. New species and varieties of Chlorophyceae. 
Bot. Gaz. 83: 202-206. pl. 9. 21 Ap 1927. 
In Spirogyra and Oedogonium. 


Tisdale, W. H., Leighty, C. E., and Boerner, E.G. A study of 
the distribution of Tilletia Tritici and T. laevis in 1926. 
Phytopathology 17: 167-174. f. 7. 15 Mr 1927. 

Torrey, R. Nature trails at walking club camps. Torreya 27: 
27-29. Ap 1927. 


Uphof, J. C. T. The botanical garden of the Pan-Pacific Re- 
search Institute in Honolulu to stimulate botanical research 
among the Pan-Pacific nations. Jour. Pan-Pacific Res. 
Inst. 27: 10-11. 14 Ap 1927. 


Veihmeyer, F. J., and Hendrickson, A. H. Soil-moisture con- 
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ditions in relation to plant growth. Plant Physiol. 2: 71- 
82. f. 1-6. Ja 1927. 


Wann, F. B., and Hopkins, E. F._ Further studies on growth of 
Chlorella as affected by hydrogen-ion concentration. Bot. 
Gaz. 83: 194-201. f. 1-3. 21 Ap 1927. 


Weir, J.R. The problem of Dichrostachys nutans, a weed tree in 
Cuba with remarks on its pathology. Phytopathology 17: 
137-146. f. 1-4 + pl. 6-8. 15 Mr 1927. 


Wherry, E. T. The soil reactions of some saprophytic orchids. 
Jour. Washington Acad. Sci. 17: 35-38. «tllust. Ja 1927. 


White, R. P. Studies on tomato wilt caused by Fusarium Lyco- 
persict Sacc. Jour. Agr. Res. 34: 197-239. f. 1-9 + pl. 1-8 
1 F 1927. 


Willaman, J. J. The determination of polysaccharides. Plant 
Physiol. 2: 91-97. Ja 1927. 


Wilson, E. H. Brooms and their kindred. House & Gard. 51: 
96, 97, 178, 180, 182. illust. Mr 1927. 


Winston, J. R., Bowman, J. J.,and Bach, W. J. Citrus melanose 
and itscontrol. U.S. Dept. Agr. Bull. 1474: 1-63. f. I-17. 
Mr 1927. 


Winters, G. The Iowa species of Russula. Univ. lowa Stud. 
Nat. Hist. 11: 5-29. pl. z. 15S 1926. 


Woodward, N. P. The date-palm as a ruderal plant in Massa- 
chusetts. Rhodora 29: 51-52. ‘‘Mr’’ 8 Ap 1927. 


Zeller, S. M. Contributions to our knowledge of Oregon fungi 
-II. Mycological notes for 1925. Mycologia 19: 130-143. 
f. 1-4. 1 My 1927. 


Zeller, S. M. A correction. Mycologia 19: 150-151. 1 My 
1927. 
Ascospora Rubi (Westend.) Zeller, comb. nov. 


Zimmerman, G. A. The chestnut blight. Rep. Proc. North. 
Nut Growers Assoc. 17: 63-71. S 1926. 





